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Guarding Product Quality with Precise Indicating Contry 
























A COMPLETE LINE OF TAG INDICATING CONTROLLERS 
... ON-OFF’ AND THROTTLING MODELS 


how above s the adjustable 
slibrated flapper mechanism. Its 
P t 


ow A gpg «. a tae enagen In guarding quality and maintaining product uniformity by dependable supervision 
temperatures, TAG Control has become a by-word in process operation. The Indicat 
ing Controller was designed not only for real operating convenience, but also to cop 
with stiff plant conditions. So now the entire line of TAG Indicating Controllers 
presented in moisture-proof, aluminum cases—beautifully finished in black enam 


with chromium trim. 


All the latest TAG developments plus the sound principles and approved standar 
long present in TAG Air-operated Control are to be found in these reliable instr 
ments. There's a new Bulletin No. 1175-1 which describes both the "ON-OFF" ar 
Throttling Models . . . it will tell you what you want to know about them. 





C. J. TAGLIABUE MEG. Co. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 








Recently perfected and offered to industry, this mod- 
ern control instrument has met with instant approval 
by users who know Pyrometers. Two proved 
Foxboro systems have been engineered into a per- 
fect combination, so that the slightest change in 
measurement produces a corresponding movement 
of record and control system. There are no links, 
belts, or gears in the detecting-recording-controlling 
mechanism to cause inaccuracies. Precise and de- 
pendable operation is a lasting quality of the Foxboro 
Recording Controlling Pyrometer. You will be 
interested in the contact construction which makes 
possible the operation of control and signals, or dif 
ferent phases of regulation through separate circuits 
in one instrument. Bulletin 765 gives the whole story 
of this modern instrument. Write for a copy. 


THE FOXBORO COMPANY 
46 Neponset Avenue, Foxboro, Mass., U.S.A. 


Branch Offices in 25 Principal Cities 
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afcubicy nstruments 


Widaine TEMPERATURE - LIQUID LEVEL 
sommoed 


PRESSURE - FLOW - HUMIDITY 














Control YOUR LIQUID 


ASSETS 





@ The LIQUIDOMETER remote reading gages auto 
matically indicate or record liquid levels. No pumps, 
valves or auxiliary units required to read them. Bal 
anced hydraulic transmission system ingeniously com- 
pensates for temperature variations on communicating 
tubing. Accuracy unaffected by variations in specific 
gravity. Approved by Underwriters Laboratories and 
similar bodies for gauging hazardous liquids. Models 
are available for remote signals, automatic control of 
pumps, etc. DIRECT READING models available 


where remote reading is not required. 


THE LIAUIDOMETER corp. 


— 


36-27 SKILLMAN AVE. LONG ISLAND CITY, N. Y. 


“aly 
POWERS 
— 


x 


Write for Bulletin 200 
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THE POWERS REGULATOR CO. 
2734 GREENVIEW AVENUE, CHICAGO, ILLINOIS 





4] YEARS OF TEMPERATURE 
AND HUMIDITY CONTROL 





OFFICES IN 47 CITIES ¢ SEE YOUR PHONE DIRECTORY 
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World of To-morrow 


% 1U' who read Instruments have not given up hope fora I | t 
| etter to-morrow, in spite of the anti-machine propa te a : 
a. No! The very fact that you use J/nstruments as r P ' 
ita source to improve your plant and laboratory equiy part of the 1 x : 
. . tT} ? } t 
ts and methods—this very fact proves that you not , brot 
’ i \\ 
hope but have rolled up your sleeves to help create a | : , 
ter to-morrow. ! nw t iH 
We who serve you are equally hopeful. ; ; 
But a wish-bone isn’t much good without a back-bone t t ! 
e believe that a good way of rolling up our sleeves in In nt 
service is to hew to the line every month on this page. AE : 
believe that it would be cowardly, in these times, to let n into t 
. ° ° tt ! 1} t ’ t 
page become a banal, neutral, vapid Mister Milquetoast,  pvjjer. 
shall keep on hitting enemies of technological progress! nd mor x ‘ 
Ve became more hopeful a few days ago, when we man Fics 94.1857, 
ged to squeeze in a visit to the Fair between week-end en It nnir : ' 
gements in New York: Soon, millions will view the in high i r 
ng exhibits; many will rid themselves of hate-germs; att | Pica 
| reé : ‘ he better to-morrow being built | to ‘ . 
l realize that th ett r to-mort is being uilt by Strouse ateull. ch? Bat what kind of an. American 
iy’s Invention and Research—especially Research, as is 9 : ' 
‘ * Yates? Is he red, middle-of-the road, or reactionary You 
npressively brought out in breath-taking exhibits. , : : ‘ 
I ’ 5 can form your own conclusion from these excerpts 
But what a shock it was to find, on returning to our desk: 
bare total of 
Machines Over Men. By RAYMOND F. YATES. Fredet \ ‘ . Nov ( 
es Co., New York, 1939. Gold-embossed cloth l., Sly inches | wilf = 
250 pages, 25 plates. Price $2.50 ste 1 " : 
This is a popular-format book, with an attractive jacket, ; 1 | 
iS I i - x 
viting blurbs and artifices designed to make a best-seller. Cea: Miles : 
. 1 , ; t 
might become a best-seller, for the publishers plug it as zed When Her f 
I t} } 
ir and splendidly illustrated story of the scientit id ! : shies? 2 
the amazing machines that surround us and shape ea ? , 
so that unscientific men and women may see nea under 7. e nt \ 
s never before this complex age we live ir 3 : 7 : 
In our opinion it is a muddy and _ stupidly-illustrated beans t will } 
act, whose unscientific readers will be plunged in darke} ye ‘ is A 
norance and prejudices. The publishers go on to say that ! ! I? 
t well-founded principle that to pe wit ne re t Anart from holding these vie vs. does Yates kr vy what 
st of all imperative to understand him, Raymond is writing about? The reviewer has written technical bool 
Is mprehensive analysis of what the dern rob ; ' ; : 
. . las learned that it Is humanly MpossIbl t avoid 
{ here they let the cat out of the bag, by calling the ma , . : 
‘ mie a af nas grown lenient towards his contfreres, but ha t en { 
ne “enemy.” They assert that the author’s aim 4 , a 
5 Soak aes: Shaka ths euctak Grekiem: of 4 ae nals finding about thirty gross errors. Example 
ne but imply to draw his [sve portr 1 ! } ! c t , 
Yates closes his Introduction by asserting TI f 
purpose here rather to view tl ' , , 
littl inderstood social implications Page x : 
it the falsity of these two assertions is made evident by 
scussions of social implications in the Introduction itself | ! | 
d in at least ten passages throughout the book. Examples: t ; 
ogists for the machine ie 10 ed nt ! 
! e increased employment by red ! } t ! 
nsumption Practical peopl ‘ n ever-widening : 
h between the theory that the machine it nt 
t n ] rie j lent] ? \ 
that unempl nt * + 
workers who |} e beer ible to escape the t purer 
encroachment [labor-saving n hine Ir 
S bee! ssigned to supervisory functionir 
perators of switches, levers nd buttor Now ever M \ 
hine controller, supervisor ol feeder tand I ‘ l ! t | 
his job to a litter of glass tube The threat real 
! can gainsay that nd, although we pr t , 
iin fror permitting our discussion t ‘ ! nt t 
probler we cannot help but wonder wl ‘ nt t 
Vith money to buy our! hine-miacde Ce-boNe ! ~+ | 
obiles. [Pages 64-65] ‘ t ; 
tentimes robots peek out at us from ‘unexpected 1 TI t \ ! 
tl telephon is ne f the . 4 rf 
t will release t t} ty t , ' (( ; nued o pade ) 
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Specimen Dryer 





Multiple-unit 
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Mixers 


Labo Mix 





Planer and Shaper 


“ Model 9 Pilar 


Gage 
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In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 


metering and automatic control—in I 

the form of concise technical descrip- Brags 

tions. * 
When writing to manufacturers = 0! 


directly, please mention this depart- ao 


ment as your source of information. 








° ° ° ! De 
Or write to Information Section, aaa 
Instruments Publishing Company. 
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Boiler Regulators 


ew Type M512A Metaphrar 
ulator perate boiler d 
pe b external leve 
wit l 1 Within it 
It { Dt tion t 
l ! ye tt l 
| Availabl 





Fluorophotometer 
M el A Fluorophotometer | 





nd it may be used for absory 
mparison mensurements imil 
of standard colorimetry and 

Pfalt & Bauer, Ine Bim) » 
Vew Yo ( 





N ow Portable Vacuum Gage BAILEY 


elco Series 3200 | <rrint,atoit withou timc of eon 7) 
eo tiatin o080"% | METERS and CONTROL 
a for Boiler Roam 


Boiler Meters 
Indic ate. record 





and integrate 
Steam Flow 
from the boiler, 
record Air Flow 





POTENTIOMETER 
CONTROLLER 


Aatching the unusual sensitivity of 
» Famous CAPACITROL control sys- 
m with the well established accu- 


supplied for 
combustion 
and record Flue 
Gas Tempera- 


ture. The use of 





acy of the potentiometric method of 
this meter re- 





emperature measurement, Wheelco Re ae 
a ‘i Bailey Boiler Meter 


sin leads in supreme performance Mereur mit p automatically to prope Re ee 
offering this unbelievable solution a ao poe te Lae, z = Ms tenance and outage. lowers standby costs, 
control problems of extreme accu- : eS Sage 4 sy a AR a . and adds capacity. 
y and sensitivity. (5 mm.), is provided with “ bracket 
Write for Bull ee for mounting in permanent position. Stops Multi-Pointer Gages for indicating 
é€ for Bulletin sch I fed and SW i Dia ! drafts, pressures, differentials are available 
rae vir : z < A wepustel, with any number of pointers from one to 
( O PO] ] twelve. They are actuated by sturdy yet 


Wheelco Instruments Co. 


1933 So. Halsted St. Chicago, Ill. 


sensitive diaphragm units. 








R-f. Phase Monitor 





Increase Boiler Efficiency with nitude: of r-f. current in each antenn 


COCHRANE Flow Meters 





Flow Meters. For indicating, record 
ing and integrating the flow of steam, feed 


water, compressed air and other fluids 


Granular Material Meters 


For accurately measuring 





the flow ot coal Or other 





granular materials in 


gravity chutes from over 





tow it 3 j that 1 f ? 
cigs head bunkers. The total 
put Meld patt I wl } 
above panel is one of the many Coch- be letermined nl by ¢ b quantity of granular ma 
rane installations that are daily saving strenet} = reauiring portal terial is shown on a large 
wer plants thousands of dollars through rator ' f : ill | hich 
eased efficiency by the accurate recording } : een ceeeenen Sanne 
boiler conditions. It serves two 120,000 . j . / A may be easily read at a 
t 
per hour boiler units and includes new el r distance of 50 feet 
chrane Flow Meters for measuring boiler Sample f antenr t | . 
ed water input, and Cochrane Liquid Level t small looy . iated witl radiatir 
4 tor : 
ers for providing continuous records of structure ure led by coaxial trat : Coal Meter Control Systems. 
er dr . 
um levels line to the instrument permanent tior Make possible the every 
chran le , . } ; 
| chrane Flow Meters are made in both Within station. Here, engineer observes re day operation of equipment for steam 
ctrical and mechanical types to fulfill in- tive current treneth between t | 
vidual power plant needs. They are pre- pair of direct-reading it , N generation and utilization at test eflicien- 
l Tr aires eading ” q . r ° 
by leading industrialists because of iperatir ntr permit nerat A ‘ cies. They are applied to the control of 
extreme accuracy : She : rl 
change both indicators and their bei, combustion, feed water, superheat, de 
Writ 1 j 
ite for Bulletin Nos. 2096 and 2094. circuit thu providing i 4 }’} superheat and other factors 
ngele iscertained by rotating i ngle 
COCHRANE CORPORATION | graduated dial until magnitude and pl Complete Information on any of the above Bu 
3120 N. 17th St., Philadelphia, Pa of one sample exactly opposes that of a s products will be gladly furnished upon request 
{, 
noniar rie senior wists hs | LEY METER 
nie ire 1 emy ' f F 


. ee ee ces ae aah meen COMPANY 
, 1041 Ivanhoe Rd., Cleveland, Ohio 
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Multi-circuit Contactor for 


Engine-indicator Systems 
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Wheelco “Radio Principle” 
INDICATING CONTROL 
THERMOMETER 


The combination of the famous 
Wheelco ‘Radio Principle’ CA- 
PACITROL controller and a bour 

don tube assembly produces tem- 
perature indicating accuracy and 

control sensitivity unequalled by 

any other known method. A radio 

impulse does the work. There are 

no contacts or moving mechanical 

parts to interfere with the per Bolletin 
formance of this instrument. 4201 


Write 


Wheelco Instruments Co. 


1933 So. Halsted St. Chicago, Ill. 














GALLET- GUINAND - GALCO 
and SECURITY TIMERS 


are made by the world’s best 
chronograph craftsmen 


43 or Ve Relcme), Bi telti sy) 


JULES RACINE & CO. 


20 WEST 47th STREET + NEW YORK 








nection to the 





Torsional Vibration Pi 1 
for Oscillograph Equip nts 
New! ilded to Piezo Ra 


il Vibrat 


llpment lorsion 


With standard adapter flange for 
m end of crankshafts ” oth 
init Generator case contains a 4 
bar magnet which is free to 1 
field coils wound on a soft-iron core 
idly fixed within case In oper 
ind coils rotate with shaft beins 
bar ignet makes the same 
rp.n by reason of magnetic 

ll fluctuations in shaft speed 


otion between bar magnet and ft 


thus gene tir in a-c. voltage 

t torsional bration velocity. Fi 

drive haft end, connector tip 
rew rar ment which obviates 
f ut le wil brushes or collect 
Co f Ine in ] 


Process Timer 
ll designed for mecl 
machine, 
controlled by 


lproved 


Signal-Grapl is 





| In addition it record 
net time of each operation 

the ioadins o1 inactive Lime ol 

i" ite n minutes. Being ope 
synchror rte it n isul 1 
the ( \ { in i 

lu Instrume? ( ! 

J Bivd., ( ae lil 
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-BODIN 








RUBICON PORTABLE 
ISION POTENTIOMETER 





y Potent et 
We also make galvanometers, electrome 
colorimeters, permeameters, Wheat- 
and Kelvin’ Bridges, Resistance 
dards, coil testers, acronographs, clip- 
transtormer ammeters. 


RUBICON COMPANY 


North 6th Street Philadelphia, Pa. 





Speed Reducer Motors 
for INSTRUMENTS 





t you need a fractional horsepower speed 
jucer motor for your instruments, Bodine 
in meet your exact requirements. There are 
e than 1600 standard speed reducer mo- 
n the Bodine line, from 1/2000 to 1/6 
rsepower, with speeds from | to 300 rpm, 
1 torques up to 300 in-lbs. The finest in- 
truments are driven by Bodine motors. 


Send for 
SPEED REDUCER 


a MOTOR BOOKLET 
mo ------- 5 


BODINE ELECTRIC CO 
224 Ww 





. ¥ s Ohio St Chicago l 
a 1 
Name | 
npany Title I 
1 
! 
1 
State 
tate i 
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Control Potentiometers 


New Ser 


bine pote 





[ 
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s obvinte 


new 


Adjustable Snap Gage 


Model 1 














CENTRALIZED 
2 


COMBUSTION 
CONTROL ... 





Hays is the one truly CEN. 
TRALIZED control system—All of 


the control and measuring instru- 


ments are contained in one panel. 
Here is concentrated all informa- 
tion necessary for an intelligent 
understanding of what is going on 


and 


steam lines. And from this central 


inside the furnace, boiler 
panel the entire control system or 
any individual part of it may be 


operated manually. 


Centralized Combustion 
Control is offered through capable 


Hays 


engineering organizations located 
in all principal cities of the U.S.A. 
and Canada. 


invited. 


Correspondence is 
Send for our 40- page 


catalog. Write to 925 Eighth Ave 
nue, Michigan City, Indiana 


JAYS CORPORATION 








. 
24 MICHIGAN CITY. INDIANA.USA 








High-voltage Coil Tester Ring-balance Flowm 
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ee Cu hort-<circuls arrent ; ¢ tank by design of scale element. Maker 
. , lucir counter-mmf. and ard receiving instrument ine 
icin te ornice, Kastpnwene te mount. | THE REFINERY SUPPLY CO, | sinew" or tests" Now ving.nats 
! perforated steel case witl ll cor te body Is tilable for pedestal 
nt panel. A door with reinforced B31 kh. 4TH ST. TULSA, OKLA. (illustrated) or wall mounting 
> window Opens into testing compart Flow Meters Co 240 Diverse 
vhich is lined wit fireproof insu Chicago, J 
rink To protect operator, an in 
nt excitation being ipplied , 
‘ ) pen rest proceding onsist I { 
placis Lover re, Closing door and push Solenoid Valves 
! button Several hundred coil in hour Improved “Type H olenoid il 
’ tested Special Products Section e , ] , 
eee) MEGABRIDGE | emecaaeneie 
lower section of coil housing is e1 
provides i terminal chamber int 
Center Finder Se ee eee 
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HE Megabridge is the most rapid device 
| for routine insulation measurements which 
sti retains the inherent accuracy of the 
Wheatstone Bridge. Operates from 1|10-220 
| volt A.C. line: available in resistance ranges 
up to 100,000 megohms. Ruggedly built, ac 
j urate; compact and portable 
| Laboratory production and maintenance 
staffs find the Megabridge invaluable. Among 
its many applications, it is especially usefu 
; n testing 
- tar Electrical Equipment — generators, motors, 
transformers, etc 
\ I t Ww Radio Components condensers, resistors, we oe ndait Tock=nat. 7 
! nd point volume controls, etc pitentes einai 
nt bringing wor Leakace — cables, wiring, MODEL MB-2 necuor t porcelain: bushin 
, nt with communication systems, et laptor, uA mposition tip in the 
, { rer , f sprit Moisture Content — lumber $4,500 plunger and Irilar top at upper 
‘ Y paper, etc . plur r tr e] id to iler 
“in © e shanti Write for Bulletin MB-202 clicl ‘lug, containing seat, i 
' ’ { ' nd pr r cleaning witl it disturbir ele 
ns listortion if Cer Industrial Instruments... pipe connections. Valves will. cont 
" " : tne ‘ fit , ' f r. 3 oil ! team. Pipe size 
nt n be t nt ee a ee x” wit ind 1s” diamet 
A : ’ ’ ‘ \ ( r ele ( Product ( 
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‘JAGABI” 
RHEOSTATS 


I ee 





Giving smooth, pos- 
itive control of elec- 
tric current, in fine steps over 
wide range. Jagabi Rheostats 
ire quality instruments of great 
ruggedness and durability, They 
ire first choice of engineers 
und research workers in many 
elds. 
16 standardized ratings in stock. 
Many special types. 
Our Bulletin 1515-I will help 
solve your control problems. 
Write for a copy. 


JAMES G. BIDDLE CO. 
| ELECTRICAL <3 INSTRUMENTS | 


2 . FD 
1211-13 Arce STREET 7 PHILaDeLpuia, Pa, 
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CONDENSER 
INSULATION 


WHAT DO YOU 


KNOW ABOUT II 





A New Insulation Tester 


Developed Especially for this Purpose. 
Zero to 10,600 Megohms at 500 Volts. 


a 
\ 
A ( © 1) ¢ 


{cknowledged leaders in 
telopment of high sensitivity meters 


Rawson Electrical 
Instrument Company 


10 POTTER ST CAMBRIDGE, MASS. 
Branch OTices: New York & Chicago 








Hi gh-speed Photoelectric 


C ounting E quipment 


New bir , 
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Fuel Meter; Remote Register 


Primarily lesigned for trucks, new 
\kraflo” meter is applicable wherever flow 

rates betw ! nd 2 gz il b 
t 1 in whet pr not 


-. FUERIGLE SEALED PISTON 


mrasURinG 


STRAINER 














ELECTROCELL 


Self Generat nq 
Photo-Electric Elements 
Ultra Sensitive 
Permanently Stat 
Unlimited Lite 
Great variety of sizes and shay 


Round s trom 4 ¢ 


* * + 


PHOTRIX 
UNIVERSAL PHOTOMETER 


Single and multiple 


DR. F. LOEWENBERG 


10 East 40th St New York, N. Y 











CERTIFIED 
RESISTORS 


The calibration of the 
new SHALLCROSS 
type +245 Bifilar Man 
ganin wire wound re 
sistors is guaranteed to 
be permanent. The act 
ual resistance is cert 

fied and permanently 
marked on each 

tor. 


Made in 1 ohm to 10,00 





ohms 





percent. 
Furnished in_ single 
units or in decades mounted 
silver contact switches 


Write for Bulletin 
No. 2398H] 


SHALLCROSS MFG. CO. 


Switches @ Resistors 
Instrume nts 


COLLINGDALE, PENNA 

















Leakage Resistance Tester Surface Temperatures patentee ah Ae aie BP ay 






Fiat - “ ” levice ich o-Water Cut 
ME Megal cla Stationary The “Alnor 
er . 
Moving Combination Pyrocon 
, t} ! Curved 
Brid | Surfaces Ideal for rolls, molds, 


plates, platens and 
plastic material temper- 
atures. 
Write for bulletin. 


illinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago, Iilinols 











HARDNESS 
TESTING... 





















ne ' done WITH NO MENTAL HAZARDS. } 
to be test The SCLEROSCOPE has done it for va 
buttor the past 30 years. 
In general use Wi 
! for specification 
: : purposes. Sim- 
M { ple, sturdy. 
Comparatively 
inexpensive 
} 
‘ Illustrated 
t bulletins 
} free. 
i aiacancal pickaame 4 The Shore Instrument 
a a ee & Mfg. Co., Inc. 
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eneral Frinciples of Instrument Ana YSIS 
Cc OE 
By C. Ss. DRAPER and G. V. SCHLIESTET 
Massachusetts Institute of Technology 
TRUMENTS have come to play such a large part primary ement of at a 
the industrial life of our times that a specialized { isand feet in the ; he indicati1 te elude 
unch of engineering has developed under the accepted a idlo sending et ( eC mar ECE 
Instrumentation. Instruments may be and frequent eeordinge device the grout 
SO complex that the time and effort involved in a A blo d ! thie , p 
te theoretical treatment would not be justified. Gen nstrument. int t mponent { 
speaking, however, most instrument problems art The steam engine indieat 1Sé , ’ trad 
in that any case, reduced to the simplest terms, this figure. Pressure applied to th rare ' 
ses some sort of “pointer” driven by a foree whiel compresses. the } , ind thus 1 mduee matin: vi 
inction of that-which-is-measured; or simply, a connected to the pistor The evlinde Nistor 
g element responding to a measurable magnitude. issembly thus act as init to convert ‘ ire « 
means that an elementary instrument is essentially 1 nto chanes of positior f t ee pe Mot 
with one degree of piston rod is received b 
dom and can be studied a lever whicl + 
e well-known methods nove al dicatine el 
ady developed for such The Measured we me ! dru 
' Tt rimdry indice 
stems. The present paper Magnitude ry Element [Aq Syst nkage which thus trat 
nes the method of at- y {P mits the motior ( 
K used at M.I. r. to Sys- Pr mary-element Sensitivity ¥ 1p ~— y licating Syste! Che Cale 
itize and simplify the 197 ha which makes it possibl 
= . ; ae — - £4 
idy of instrument prob- Indicating-system Sensitivity ‘toa 9 interpret indicating - ele 
. ss : d ic 7P ? . nt r +} + { 
. An extension of this Scale Sensitivity ; LIe nent position in terms « 
rk to include automatic a7, pressure could be printed 
ntrol systems is now un For a direct-reading instrument under calibration com D5; 5,=1 lirectly on the indicator 
way and has already paper but is us ip 
ulted in an introductory Paros am « EXAMPLE STEAM ENGINE PRE RE It pl ed by means of a spe 
ticle. ™ ft Sy = Differential change of Piston Displacement 1x cially graduated ruler 
é Differential change of Pressure on Piston fad 
Elementary Instruments Eq ¢. — Differential change of Indicating-element Displacement _ Ay Specification of Performance 
Instrument analysis of “¢ Differential change of Piston Displacement ax Th behavior of any 
ny sort has for its ob- IP, | 5, = Differential change of Scale Reading So elementary instrument is 
. s Differentia cnange of atine-elemer aceme . ] ra + 
4 ect the calculation of y known if the ratio of out 
performance for one of put to input of each of 
4 . Fig. 1. Functional division of an elementary instrument : : 
the following reasons: to the three component part 
. iid in planning a design, is specified. Such ratio 
determine the suit- fit in with common-sense 
ibility of a certain instrument for a given job, or to cor ideas of sensitivity, that is, in comparing two prima) 
ect actual readings for errors from various sources. If a elements it is natural to judge one primary element twice 
igle nomenclature and type of analysis can be generalized as sensitive as the other if it gives twice the output for a 
include many apparently dissimilar cases, both the dis given change in the measured magnitude. Similarly, the 
ission and solution of such problems will be facilitated. It most sensitive indicating system is that which gives the 
; therefore convenient to consider any instrument, how greatest change in the indicating-element position for a 
er complicated, as made up of one or more elementary given input from the primary element. In terms of sym|t 
} truments each of which is essentially a system with the three sensitivities can be expressed as 
ne degree of freedom. To still further simplify the treat S dq,./dq primarv-element sensitivit ( 
ent, each elementary instr , 3 s re ' é; 
> each elementary instrument is split up into three R dq:/de SF eee ea nsitivit (2) 
rts. These three parts can be taken as: 
nn 7 \ Py tq ag seale Se Sif T\ ( ) 
The primary element which receives changes in some 
easurable magnitude and transforms these changes into a vhere q denotes the measured megnituae it 
ree suitable for operating an indicating mechanism. of the primary element, q, 1s the indicating-element | 
jn ; : , and 4. ic Py ey . F ae A 
The indicating system, which takes the output of the tion, and q, 18 the ( tne 
: as in to rc af th ’ S ed n : a 
lary element and produces a change in some indicating 1” terms of the measured magnitude 
nent, whieh change can be observed or recorded with When the seale of the element nstru nt é 
. . y rl ] a } mstrur t C i? 
equired degree of accuracy. ree 1 the instrument eratl 
1 | nd has prop ms f mpe tion, the 
The scale, which associates any change in the indi Se ae ; 
° 1 ») ? y ? ce ‘ } 1) rye ( } t The 17 r Y t} 
ng element with the corresponding change in the mea Cileeire Tr —— <> . ; ; ' 
neasured macnitud } 1)? | ed t ¢ t , t 
d magnitude. ee ee shes " eis 
e ° @ 1 ne-elen nt pOSsITIO?N rony t} SQ t t = 
It is to be noted that this division is functional rathe) cael 
1 7 l fect \ cal Drated elementar’ nst 1iie t 
physical and it is thus possible for a single part to 
, ' 
n more than one capacity at the same time. On the Spd id (4 
hand, the component parts of an elementary instru This relationship sums up the require? t a 
t may be widely separated in space. For example the reading instrument and is convenient for gt ( esigy 
EDITOR'S NOTE na t Chairr t 
t I oR Fad | trun t i I new} ' 
‘ ! f x 1) I DD nt “To estimate the value of their 
ir\ ft S pape (ther ! treatment is as much beyond me as the ) 
). Nor f 1 teners |} 1 oar value of their treatment is beyond that 
1 nklin f s nature. Sor af * of mine.” \nd be e | d “netuating 
x pected teril pedarogi d f it a tit I tar quantity” 
! \ few minutes later we wet I nt 
} lled. Wher Drape at a “converter.” M 
INS R Ni ae | 
M I 




















‘ S neve r ic le al 
e( é T ( , ves pi ca ( ndit nec the 
t mea ¢ ! gynitude Thu I } ictica cases 
SS US q ( (») 
e COE é means f hie 
if i I ( ‘a inted fT ! il element I 
Alt ign al ea trument l e sensitive only te 
tne agnitude that t esigned t measure t Ss ul 
I tunat true that nst ment mechanisms are ofte! 
‘ tive f changes WW ithe magnitudes This means that 
the sensitivit f each component is subiect to itions 
t tne chang stated mathematica 
< — ) Dp ) (6) 
‘ ( ) ) (7) 
f (¢ ) ) (a) 
( (q ) ) (<) ) 
( ) ire independent physical magi 
tu tne than q. 1 s mathematical statement is equl 
ent ¢ the lifferential equat 
) (og y) | ) ( ) « (10) 
I e pl ( magnitudes po, ete ire constant < f 
! efficient } ] etc are sufficiently sma 
{ ing ng lepends o1 ipon the change in q and the 
, ek } hecoms entical wit the tota liffere? 
( ne ¢ it n coe cient ¢ 
Calthration and Errors 
I ctical situations us rt lire readings expressed 1! 
t { the ilue f the mezsured magnitude. 7 find this 
e the a fferent ( inges must he ntegrated to obt 117 
( : t.« 
hl (C dq Cy Constant (11) 
ere s the average value of the calibration coefficient 
f the range 1 values 1! iIved. The constant of integra 
{ ! Ss uSualiy made t inish by the way the scale is laid 
it and by the zero adjustment of the instrument. Instead 
tf expressing deviations of an instrument from perfect pe 
formance by means of the multiplying factor C it is often 
e convenient to apply an additive term based on _ the 
issumpti that the calibration coefficient is unity, 7.e., 
q q q (12) 
nere ] s the correction which must be ipplied to the 
scale reading in order to obtain the true value of the meas 
ul 
of error in mechanical instrument 
S\ iction between solid parts (Coulomb 
friction). Friction of this nature tends to be erratic in its 
ia ae . 
effects and always resists relative motion between parts In 
contact. Thus the indicating element of an instrument in 
hich friction is a factor will not move at all until the 
change in the measured magnitude has built up some mini 
mum } force, and even after the sticking parts have 
broke ise the motion is likely to be unsteady. It is so 
lificult to determine the effects of rubbing friction that an 
strument in which considerable errors of this nature exist 
A be considered as requiring repairs and ruled out of fu 
tne consideratio1 
Dynamic Errors of an Elementary lustrument 
Stat fit have been tacitly assumed in the preced 
ne discussk that is, readings were considered nly wher 
the measured magnitude a1 ndicating-element position had 
t ecome constant after a char pre Actually the ndicat 
element of any elementary strument will not follo 
nhanges in the measured magnitu exactly if these changes 
ecur pid Inaccuracies in the ndicat ns la ele 
ta strument pecu lue + the fact that the 
easured magnitude is cl ¢ th time re ¢ ? j 
The engine 1 cat F Fir; 1 is a ty cal example f ar 
eet nstrument subiect t vynamie errors. This 
ment s already beet nalyzed and the results are 
the te ture \ f the ty ( forces whic} 
NS TR M1 NTS 
R \ 


linarlly occu n instrument problems are invé 
engine indicator will be used to lilustrate ldeas w! 
lirectly applied to any instrument. An analysis re 
knowledge not only of the physical properties of t 


anism but also the manner in which the measured m: 


aries with time. It will be found that a study of thi 


vhich the instrument responds to a step function, i. 


we of the d qg force (the utilized effec 
gnitude) between two constant values. 
Ve all the necessary experimental! di: 


dure is to start with the differential « 





f motion for the moving parts of the instrument 
derive an expression for the variation of scale read 
time when the driving force changes in a given mat 
tween values of the scale reading and t 
ng force will be the dynamic error at any instant 
Forees of four types act on the piston and 
system of the engine indicator selected for illust 
1. Inertia force expressible as m d-x/dt 
2. Friction force approximated by cder/dt 
Elastic force given by le a 


1. Driving foree due to pressure on the piston give 
The first of these expressions must be corrected 
act that the mass m is not the simple mass of the 


] } 


and rod but is an equivale mua taking into ace 


parts of the spring and indicating system which n 
e piston moves. Similarly the friction force ma 
exactly proportional to the piston velocity, as it 
all parts were separated by oil films, but may va 


this simple law on account of rubbing friction betwe 


parts. For this reason the value of the damping coef! 


must he consid red aS an ette ctive value. \ ith a 
designed spring, the elastic force acting on the m 


tem will be closely proportional to the displacement 


piston from a proper zero point so the elasticity coef 


can usually be taken as constant. With a piston-and 


der system the area A of the piston will be subst 


constant under working conditions so no approximat 


introduced by the driving force term. 
Summing up the various forces and dividing th 


1) 


the mass m gives as the equation of motion for thi 


cator piston system 


d-x/dt (c/m) da/dt (k/m) a (A/m)P 


Over a sufficiently small range of deflections, the coef 


+} 


(c/m), (k/m) and (A/m) can be taken as constant 


convenient to limit consideration to such a range sinc 


solutions of Eq. (13) then have well-known simple f 


In spite of the approximations involved it is usually 
n practice to accept the inaccuracies of an easily | 


mathematical form than to attempt more difficult exact 
tions. Whether or not the simple solutions will be sa 


tory in a given instance can be determined only by st 
the particular case. 

The solution of Eq. (13) is an expression giving the 
tion of gq. with time. This solution is mathematically 
rable into two parts: 


1. The transient which depends upon the engine ind 


the state of motion of the piston at the instant chose 


zero on the time scale and the manne? 


force varies with time 


n whien the 


2 The steady-state 


solution which depends only uj} 
indicator and the forcing function, i.e., the law wh 


presses the change of driving force with time. 


/ 


el 


On the physical side, the steady state solution corres 


to the behavior of the piston under a forcing function 
continues indefinitely while the transient represe! 
id of accommodation required by the engine in 
to go from one steady state condition to another. 

A simpler case than that of Eq. (13) is found n 


mometers used to measure fluid temperatures. Suc! 


+ 


{ 


ments usually have dynamic errors depending upon the 


at which the average temperature of the primary ¢€ 


(say a mercury-filled bulb), or, more precisely, the a 


emperature of the mercury Inside the bulb, follow 
perature fluctuations in the fluid. If heat flow to the p1 
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Chart I 
element by radiation and conduction through the supporting the primary-element temperature. Within a | nite 
structure is made negligibly small by proper design, the range of conditions the thermometer read 
relationship between fluid temperature and primary-element time variations in fluid temperature in a mann e} 
temperature can be written’ as the solution of Eq. (15). In any given case tl 
, - Loom ‘ons a ansien art and a steady-state | ] 
(sp V) dT./dt 1h (7 T.) (14) consist of a transient pa ul | a stea 
in the more complicated case of Eq. (13) 
where 
E temperature of the fluid Transients 
T; temperature of the primary element Sudden changes in the forcing function appli ele 
/ coefficient of heat transfer across the fluid film on M™entary Instrument, whose response can b¢ 
. ° m 7 . ilay \ ie UU 1 . , mit 
the outside of the bulb.’ (This must be a proper form similar to Eq. (13), will in some case np 
average value.) scillations of the indicating element at tl fi 
é : ; ’ juency of the moving system, while in other ca ffect 
\ area of bulb exposed to the heat transfer from the aes 
will be an additional non-oscillatory compone1 
fluid . ' 
namic error which disappears after a sufficient t 
\ total volume of the primary element (bulb me? has elapsed. Corresponding to this physica ce be 
cury) tween transients, the mathematical expre 
average density of the primary element motion separate into oscillatory cases and 
average specific heat of the primary element cases. The dividing-line case between thi 
- - . referred to as critically aperiodie Svste 
It is important to note that Eq. (14) will be true only if : , 
- : : according to the thermometer equation (1 ) eve 
all parts of the primary element have the same temperature ee oe ise 
1 . “Se a ave osclilatory transients 
Any instance in which this condition is not fulfilled will : a 
: Expressions for the transient are four 
have to be treated as a special case. ; of 
: : : Eq. (13) with the term on the right-hand ae 
It is convenient to write Eq. (14) in the form ; a ; 
to zero. The methods required for th itior er 
dT,/d T/T tik: (15) tional and the results are well-know1 the n tic 
details will he omitted he} 
where r=(spV)/(AR) ——r hel versa wn 
Practical t is easier to stu t t 
In Eq. (15) 7 has the dimensions of time and is called the an engine indicator in terms of the seale re 
characteristic time (some writers call it the thermometric terms of the motion of some internal part 
ag coefficient). In a particular case this characteristic t is convenient to use the sensitivity relatior ( 
time depends upon the material and construction of the Eq. (13) in the forn 
primary element and conditions in the fluid in contact with ep /q p ;, 
. wren ° - ( f (¢ mojyd f ( mi) ( } (i¢ 
the primary element. This means that for a particular value : 
of + Eq. (15) ean be applied only to a limited range of where the product of the three sensitiviti ( t 
temperature, fluid velocity, ete. in a properly calibrated instrument. If the probl ne f 
Ordinarily the indicating element of a thermometer will design, values of m, ¢c and k will be chosen to give the de 
respond so rapidly that dynamic errors from this source are _ sired characteristics, but if the engine indicator ruable 
negligibly small. It follows that the scale reading of a prop as a complete instrument, performance can bi e 
erly calibrated thermometer will be substantially equal to  veniently specified in terms of the damp 1 
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os aekvewe aa eiUn ant Lon ott under any type of forcing function that can be handled 
Herth Lee bY He Ghee $444 mathematically. A convenient method for finding the chat 
\ ISSR SSI SEtee Se ‘ : 
\ LV A a acteristic coefficients is to study instrument response to a 
\ SR Re Reate ais step function. Chart I defines the quantities involved, sum 
¥ ¥ | 
| \ {ho | Hot marizes the equations and explains the methods required to 
Beet handle any case which may occur. Fig. 2 shows a set of 
5 4 > + + + +++ +++ + ™ ‘: 
‘ae \ curves which are useful for the interpretation of oscillatory 


\ WWemeee transients. In this figure, ratios between the amplitude of 
405 : P 3 A? F the transient at the mth peak to the amplitude at the peak 


AMPIN EFFICIENT selected as the initial peak are used as ordinates and values 

AMPIN EFFICIENT of the damping ratio ¢ are the abscissae. The curves art 

a Oe ee | a ee ee a drawn for various integral values of the peak number m 

eT Fig. 3 is part of an experimentally determined transient 

following a sudden change in applied pressure on an engin¢ 

ped natural circular frequency « When these latte: indicator. This curve will be used as an example of tl 

ties are used. Eq. (16) becomes method for finding ¢ and »,. By measurement, the rati 
Pp. /dt o dn. /di 02 P p (17) a ‘ ae > ung at any pé — the re oo. at me peak 

ne cycle earlier is A: 0.54. From Fig. 2 the curve for 

bvious that the steps discussed above can be carried ” 2 crosses the 0.54 ordinate at § 0.1 and the damping 

any elementary instrument to give a differential ratio is thus immediately determined. The actual period 7 

nm similar to Eq. (17) involving the measured mag of the free oscillation can be taken directly from the re 

the scale reading and the characteristic coefficients sponse curve as the interval between successive points 

When the characteristic coefficients have been de where the curve crosses the equilibrium pressure line witl 

ed it becomes possible to analyze instrument behavior slopes of the same sign. With 7 determined, , can be found 
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RESPONSE OF A THERMOMETER 
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00-— T T the instrument itself but a the form of th 
function. This fact makes it nec iry to treat eacl 
function aS a special case. Certain foreing functor mM 
ipplied to such a wide range f hle? that a 
engineering nas bee 1e VE ped i it tine ( é 
steady-state solutions. An illustratior f th tate 
SINnust la I cing funct ! nict f ] 
s of alternat neo current Bal I it ? 
Steady-state s itions are 1! t conve ent f 
the fundamer ta diffe entia equat ! tter I t 
f Fig it. Characteristic scale readings as the dependent variable he te} 
} | jamping number s i . 
| 4 Atti) u u i + +} 
4 7 + 4 re nis f m } va f 
ST 2 cam ¢ 2 ke I + function of damping ratio — iC _ : : AITea . ‘ ‘ 
man a as oo oY) T t the engine nadicat ne ¢ lat to be 
a 4 = 
f it Rise (-q./at (Z ) ) 
4 5}+—+ + + +> f 5 
<i | it | It is apparent that the th meter equat 
R a 
3H | i j 1 case f Ky (20) ) hic the Se,” ? 1¢ it e te 
y=. 
v 4 ( present and the coefficient ; Brat de ative 
2h— a e ” + + 4 
j | een made nit t it 
| 
| | 
2 : , 2 r J In these equat S ! thematic f , ist f 
¢ DAMPING RAT most nearly express¢ ‘ i ! ( e measu 
nit ide arles t! t t I { t ( eCSsé 
: scale reading if 1 ivnamic esel hile 
the relationship 
Scale re lng Cc! ct l ¢ r 
or 4 A 1 
wW (27) /7F\/ ) (18) ae 
For cases in which more than critical damping exists, the After a suitable mathematical f gy funct 
characteristic damping number v can be found by the method found to fit the phvsical changes t measured n 
given on Chart I. The corresponding value of the damping the first step is to find an expre n which sat { 


ratio can be conveniently read from the curve of Fig. 4. differential Eq. (20) or (21) his expre 
When a step function is applied to a thermometer which — the steady-state solution « esponding he giver 
beys Eq. (15) the transient is a simple exponential of the function 


form Forcing functions of five tyne —— Peon saad 
(T Ta ¥/ (TS TT; ) ¢ : (19) engineering problems are sh ; Or hi ts Il and Ti 
To temperature of the primary element before the sud satisfies Eq. (20). Chart III sh ; tl eha f 
den change takes place in fluid temperature mometer which satisfies Eq. (21) Chart IT th 
T temperature of the fluid after the sudden change 11 functions are indicated by hea ( 
fluid temperature. time is taken as the abscissae and the nats 
From Eq. (19) it follows that the chacteristic time 7 is the between the sca eaaing qs ( the e of th 
time interval required for the primary-element temperature Function, the true ilue f the m« ire 
complete 63° (1—1/e) of the change from Ty to T;. Sin some convenient value the measured magnitude 
irly, 86% and 95% of the total change will be completed responding steady-state solutions are f 
n 27 and 37 respectively. if the express n the ht har , ‘ f 
sponse equations hich ire tabulat 


Steady State Response t function plots 
The form of the equation w hich expresses the steady-state The ste idy-State solutions f tne ste} int I tne 
behavior of an elementary instrument depends not only o1 case in which the measured magnitude increase eal 
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Fig A | 3 I PI ¢ nel is a tunction of trequency Fig Amplitude rat ind phase 
ra f ' s { mf ' t various values of damping rati irves for a thermometer Sinusoidal 
Sir { Sinusoid t ne tunction ng function 
th time I yive ! constant ind sin ple algebraic ex desired to indicate immediate V any change which may occu 
‘ , | the cases in which a less abrupt change thar in the controlled variable 
that of che step functior ipproximated by means of a The equations tabulated in Chart II for oscillatory and 
irter-period or a half-period of a sine wave, a somewhat non-oscillatory systems are based on the assumption that 
“complicated expression “# and a phase ap gle are required the reading has a constant value of zero with the measured 
These same functions appear in the steady-state solution for magnitude equal to zero at the initial instant. It is obviously 
continuous sinusoidal oscillation of the measured magni possible to apply these results to deviations from a constant 
tude. Bot and depend upon the damping rati the value of the measured magnitude not equal to zero if the 
indamped natural circular frequency ind the period of nstrument is adjusted to read zero at this constant value 
the ne ive used in the forcing function. 7 facilitate As an illustration of the information which can be obtains 
vork with forcing functions of this type, values of for from these equations, three response curves are plotted f 
arious values of the damping ratio are plotted against the each of the five forcing functions. The undamped natura 
frequency ratio as abscissae in Fig. 5. Corresponding plots frequency of the elementary instrument was assumed to bi 
for the phase angle ire given in Fig. 6. The frequency the same for all cases. Damping ratio values of 0.2 and 
it vhich appears in Figs 5 and ¢ ilwavs the ratic were used for two of the curves while a characteristic dam) 
between the frequency corresponding to a complete cycle ing number of 10 was used for the third curve of each plot 
f the forcing function and the undamped natural frequency he group of curves thus represents the effect of change 
f the stem which responds to this forcing functior in the damping on the response of an elementary instrument 
; to various forcing functions 
| wil be noted that the curves of Fig » are identical TI . ad . l sit 
, e he complete response of a the? oO ter to : ths . 
th the resonance curves which appear in studies of me | | | 0 | mometer to a change 
. temperature depends on } -~haracteri “cc of . - 
nal Hratior Further information on the treatment : n the « iracteristics of the parti 
, , ° i ular thermomete} 1 the ni: re F » foreing tic 
I probien nvolving sinusoidal foreing functions can be a ; eo soa on Ratu of the tore Ps functi 
found in any text on vibration theory and on the reading at the instant when the forcing functior 


Chart II] presents a similar treatment of a thermomete1 


nee the characteristic time is the only quantity 


thermoneter equation 


tself, there can be only one response curve for anv 1 
functior Ir the case of a 


ilar forcing foreing fu 


In the 
depends upon the instrument 





Chart III are based on the initial cor 
ing equal to the actual temperature 
artic at 
in the case of the elementary instru 
netion 


can be taken as the reference level 


is applied. The rate of change of reading 


an initial condition for this ease. The 


Ss not required a 


equations tabulated 
iditions of a scale read 
at the value ‘“‘zero.”’ A 


nent, any seale reading 


for temperature change 


having a definite frequency, the steady-state response cal 
he founc by methods similar to those developed in vibration Conclusion 
tudi Chis means that the steady-state response of a chet The foregoing discussion is not new in the sense that 
nometer to sinusoidal temperature changes can be specified novel methods or previously-unknown theoretical conclusions 
terms of two curve is shown in Fig. 7. In each case the are presented. On the other hand, it does bring certain us¢ 
lepencent variable is r which is 27 times the ratio of | ful mathematical tools together in a systematic manner and 
the characteristic time to the period of the forcing functior outlines a scheme whereby these results can be put to work 
I ne curve the ordinates are the ratio of the amplitude n practical problems by engineers who have neither the 
if the thermometer readit to the amplitude of the forcing inclination nor the time to carry out all the details for 
function. The other irve is a plot of phase angle against themselves. The methods suggested and the system of 
the indevendent variable defined above nomenclature outlined are especially valuable when it is 
desired to determine the performance of elementary instru 
Complete Response Equation ments as primary elements in automatic-control systems. It 
The wav in which an elementary instrument responds to is hoped that studies of autematic control which are now 11 
i change in the measured magnitude depends not only upor progress will produce generaiized results along the iines dis 
the characteristics of the particulat instrument and_ the cussed above for elementary instruments. 
iture of the forcing function but also upon the reading and The general system outlined above has been found to wo 
» . 1 \ 1] } 7 ties] ’ 
the rate of change of the reading at the instant when the ell in a variety of practical cases 
forcing function is applied. Mathematically this means that REFERENCI 
ne fitting cor ant | B vhich appear in the general Hlerbe Kk. We ‘onstant be Cor Tl ! { 
; , . “93 -? wi n Chart I must be so chosen that | . t N 1, | 1 
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the ex! ssion for the ead terms { time | fit the ra} , ( Diet 
] om | Mngine I Ir ! Publishir 
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ns of forcing functions and initial conditions, so indi No. 185. 19 
ial problems will always require particular solutions N P. Ba The Respor I | Mechanical Fy 
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However, the spe case in which the elementary instru H. B. Hendrickson W. G. I bacher, Lag of Thermome 
nent ha a constant reading equal to the true value f the r} pt \ if Won l Weathe Revtet 
- . - _ Vol 14 page Q | 
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t ove ‘ ( e disk a 
radial line is registered by ndex | o cale M. fixe 
By EK. R. SCHAFER and J. C. PEW instrument base in front. 
s. Forest Products Laboratory, Madison, Wis. / cian or 7 apr nape . 4 sone ~ - diene pi 
Cor?) SHOonarII +8 Lo) a re ) Lhe ‘ ] 
traversed. The ‘nartomete! ( | os KOW IS¢ ‘ t 
TERMINATION of circular areas by the length of the areas, not merely the widths f the eve , 
1 spiral described about a right circular cone is the wood areas traversed. Thus, by multiplving the 
principle of measurement used in the Circometer*, reading by an instrumental constant (0.1 
iment recently developed by the writers as an aid model), and dividing the result by the rr 
evaluation studies. This integrating cone principle M, the proportion of summerwood to the 
wn to have been used previously for the purpose ence volume) of the specimet at once det 
scribed) is applicable to any case requiring nume} The above conclusion is based on the assumpt 
asurements of separate concentric band areas, wit fectly circular ring’s in the tree seetior Sines 
out summation. exactly the case, traverses are ta a 
e need was for a quick method of finding the actual radii at right angles to one another, and the 
ative content of light, soft springwood and dense) aged. In the case of exceptionally uniforn ei 
nerwood in given wood specimens, as an index to thei verses of two radii at 180) are found ifficient 
ng qualities. In the common case of disk sections sawed of manual and sual operation is in a ast 
the tree trunk, in which springwood and summerwood rapid. Obviously, the chartometer can be used t 
as alternate rings, target fashion, the task of scale either summerwood or springwood areas a efe 
ement and computation of each light or dark ring Measuring increments of area by the chart 
eparate product of width by radius by 27 is particu sentially linear measuring device, need offer 1 f} 
tedious and subject to crude errors. By use of the cit culty when it is considered that the en 
the area of summerwood rings can be rapidly and executes about the cone a virtual pat] f rotat 
itely integrated and the springwood area found by ength, in the first place, corresponds to a cert 
ction from the area of the whole disk, or vice versa of rotation of screw S,, i.e.. the thiekne f the 
instrument makes use of a chartomete? a standard heinge measured: in the econ ( the 
e actuated by a tracing wheel for linear measurements nereases with its increasing height 
ch is caused to mount upward along an element of cone, which in turn is proportional to th 
rizontal cone as the wood disk is moved laterally wood rine from the cent f the piece. 
i scanning microscope. Its working can be unde the ring. These two factors nt thie 
from the adjoining diagram. Seanning begins by set f ring—produce a. readin ( 
r the center of specimen under the stationary micro limits, is proportional to the ( f thy ! 
travel of the carriage CC with specimen and chart curring in the specimer 
ter K is from right to left. The chartometer is free t Such an explanation is it ctic 
ipward in a vertical guide, not shown; the plane of stricter analysis of the whe path cor er 
wheel is transverse to the cone element. Mounted in a ected Archimedean spiral generated al 
bearing upon the left end of the in Chartometer readings taken for ki re 
ent base is lead screw S; to which plotted against them give a brat { 
L is solidly attached. Turning this deviates sensibly from a= straight ne 
ew clockwise draws the carriage as a ine is the factor 0.67 mentioned above 
e leftward and registers a reading Shop drawings of the instrument are 


the chartometer K by virtue of the 
tation of the cone. Turning of a similar 


ew at the right, Se mounted on the & P 
riage itself as indicated, actuates - ; 
readed nut N and enables the upper , 


ige of the carriage, with chartometer 


specimen, to move leftward inde : ; 


7 
- “MICROSCOPE 


dently when the screw S; 
d the cone are still; by this 
ition the chartometer is pushed 
her up along the cone with 
recording. 
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we 
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CHARTOMETER 


itely; S; for shifting bands of one 


(Say summerwood) past the cro 
if the microscope, S» for shifting 


if the other kind. Thus the chat 








Model Experiments on Tillage Tools 


KALMAN J. DE JUHASZ and A. W. CLYDE 
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> 
By 
Associate Professor of 
Engineering Research 
ESTING i cale } iels 1 structures nd devices 
te f the full-size prototype is a well-developed 
method used extensively in several branches of engi 
et a $e example are aerod Ynamee airships, al 
fu 10% propellers, automobiles, and ocomotives: 
/ i hip hulls, se iplane floats, s| ip propellers, tu! 
f centrifuga pumps ‘onduits, river beds and ocean 
eaches tructural engineering—bridges, buildings, cranes 
ms ras eservolirs. etc 
Many moder laboratories in these fields conduct mode 








degrees of freedom. The displacements are resisted |! 
tically yielding elements whereby the forces can be 
ured and recorded by suitable instruments. The six 


forces acting 


of the 


determined as 1 


ponents on the tillage tool ar 


s being done with boat hulls, airplanes 
‘te. Mechanical features insti 


and 


size tillage tools, « 
tation appear to offer few difficulties because there is 
experience along these lines. It may be added that 


and electrical methods of indicating and recording aré 


ful when a high degree of sensitivity is required. 














experiments. Without them, today’s high-speed vehicles and There are, however, two features connected with the 
arge structures would hardly have been possible which would need careful study. They are 
"he problems of soil tillage closely resemble Ap 1. Technique of obtaining the desired soil 
those of other machinery moving in a resistant Va tion. Soil is not a homogeneous material like 
nedium. The knowledge of soil forces acting a and water. The stability of the colloidal 1 
a tillage tool is of value for its construc Py ‘ ter changes with age; it might prove 
f (dimensions for strength and o » able to allow soil to “age in 
suitable shape) and its operatio? | trough.” Some sort of vibrator n 
(method of hitching and determina | be better than a tamper for com; 
tior if optimum § speed) Tillage ; | 3 ing. So far, penetrometers have 
tools have been designed and oper AE — aan i aEnennieeeees given satisfactory correlation 
ated mainly by trial-and-error meth & C3 id the resistance encountered by til 
ods, supplemented recently to some f 5 i tools. They probably are influer 
extent by scientific quantitative CT 6 — maucn by wi ee 
measurements on tools in ope ration S N = ao eg os 4 «, : pase oH 
at tne Technischen Hochschule, f 2 | f Be SOE SEES NY -SeeSr NS 
Munich, the Federal Tillage Labora N . - prove to be better. 
tory, Auburn, Alabama, and _ the N \ A - 2. Relating results to field y 
Pennsylvania State College. Aside N Ld a * S| The size of soil particles will n 
from some work with the motion of f 10 Po¥ reduced in the same degree as 
soil on plows, and with tractor lugs, ; . 4 model tool is reduced; it is qu 
no systematic model experiments are ¥ 7 likely, therefore, that a scale eff 
known to have been made in this y ¥ @ (forces not reduced in direct proj 
field, though it is likely that much Ss tion to the size of the tool) wil 
needed knowledge could be secured ist as is found with other media; a! 
by this convenient method. 1—Trough; la—Rail; 2—Trap door; 3—Over it will be necessary to work out 
rhe following tentative outline is rast ry Pree os nes 7. a ag relationship. Perha »s laboratory 
I ing a utline 1 a—Skid ; ub-frame ; Recorder ; I I : 
given for the proposed construction Camera; 9—Observer's seat; 10—Tillage tool conditions can be found which w 
f a “model testing trough” for correspond to (but not necessar 
study of tillage tools be equal to) certain field conditi 
Tie Model Testing Trough. A treugh, 40 to 50 feet long, Some of the Data Obtainable from this Type of Equ 
to 4 feet wide and about 12” deep, is filled with soil, the ment: (1) Soil reaction on tools; (2) Variation of react 
haracteristics of which can be varied according to the with speed, depth of cut, composition and condition of s 
eeds of the test. Its bottom, located about 18” above floor orientation of the tillage tool; (3) Optimum arrangem: 
eve is provided with trap doors. Above the trough runs of hitching; (4) Constructional data for implement 
in overhead tramrail or trolley and below it a narrow sign, such as size and shape of parts, bearing loads, « 
gage railway, to expedite changing soils. The soil is mixed (5) Degree of tillage produced by different tools and 
to the required specification as to composition and mois rious settings of each. 
ire content and is leveled and compacted in place to the Tests with such an equipment are free from limitat 
esired consistency and hardness. The upper edges of the of weather, time of day and season. Tests can be mi 
igh are finished to a straight level surface to serve as under controlled conditions, closely simulating those 
1 runway for the carriage. which the tool is intended. Numerous tests can be made 
The Carriage consists of two parts: the reference frame a relatively short time without inconvenience and dange 
ind the subframe The cost of making a small model is much less than t! 
The reference frame, mounted on wheels or skids, may of a full-size tool, and a variety of constructions ca! 
e eas moved on, but is accurately guided by the run tried out for finding the best design. Observing the too 
va An electric motor and a suitable rope-drum, or a hy actual operation, in comfort, being able to give attent 
iraulic cylinder and system of pulleys, can be used to pro to all its features, action and behavior, is a powerful aid 
el the « age. The speed can be varied or kept constant, imagination when a fault has to be eliminated, or the 
ind measured accurately On this reference frame are sign improved. Such model tests are also a valuable aid 
inted (1) instruments for recording the speed, distance engineering education, and in illustrating novel devel 
iveled, time, forces, and other data; (2) a motion-picture ments before professional groups. 
amie I filming the motion of the soil under the action Thought is being given at The Pennsylvania State ¢ 
f the tillage tool; (5) the observer’s seat lege to the possibility of such method of testing as a su 
Phe ii frame, to which the tool is attached, is connected plement to the work with full-size tools in the field. It 
the reference frame at three points in such manner as expected that such a model-test equipment, w hen built, 
v a small amount of relative displacement with six usefully serve the advancement of agricultural enginee} 
NSTRUMENTS 








yf To-morrow Continued 
i rehashes it In even yvellower style No reliable 
strument has ever been built no reliable princi, 
lie letection has ever been discovered 
942 o7 idio aids to aircraft navigation will f 
er and the N.A.C.A particularly Where Yate ex 
the ictuating impulse or signal is radiated by 
eivel rm where he explains What is now know 
nnellv-Heaviside layer or reports a new (lerman 
rst nd only solution of the blind-landir | bl 
pre is American svsten wil j probabl 


ich knowledge of what he is writing about, Yates 
nself qualified to make predictions. And does! They 
crewy to this reviewer but Yates cites various well 
istorical examples of skeptics who said it couldn't 

so perhaps astrology will become an exact science; 

the ‘“sound-conditioned house of the future” will 
1 zone of silence created not by tangible insulation 
a “counter-acoustic barrage” as Yates explains: 


no reason why two sound waves of the same intensity 
eneth could not be made to collide with exact ther 
way as to bring about mutual annihilation r silence 
nter-acoustic barrage rushes forth to meet and slay 
intruders” but what this reviewer wants to know is how 
be protected from. the counter-acoustic barrage 
I short Waves will heat our bodies in winter so that 
be ible to go through domestic routine ever " ub 
vs covered by the minimum needed to flag a handecar or 
knothol but how will our skins be kept warn 
ps etched-metal phonograph records will be sold. at ter 
‘ ops fa novel or of a complete Opera, but what wage 
paid to the workers on the complicated processes lescribed 
nted at) by the author 
ps “the printing industry lies in great danger Tele 
but we stockholders in publishing firms aren't going 
Yates scare us into dumping our holdings! 


ips the “photo ear-book’ will “change our reading habits 
t the tired businessman will “lounge in his easy chair after 
ind drink in through his ears and with his eyes closed the 

of Time, Cosmopolitan or Harper's but what about the 
who today refuses to burden his mind with entire new 
sts because he only wants certain topics 


ps we shall see “the dawn of that day when reading even 

id of the ear-book will be outmoded by the appearance 
robot who [sic] will whisper our news, our love stories and 

to us while we sleep Given a method of appealing to 

t subconscious | directly, we shall have i means ilmost of 
ing intellectual giants out of drooling imbeciles some 
undiscovered electromagnetic radiation will carry a 
rsensible [sic] appeal directly to the seat of intelligence with 
<o much as disturbing our sleep.”” Whoever doubts this is 


i by Yates a “stupid skeptic. 

Well, this reviewer doubts that any form of electromagnetic 
tion can make an intellectual giant out of an imbecile ind 
i-fashioned enough to believe that the brain is like a muscle 
prove it you've got to exercise it. This fantasy of condition 
uman beings while they sleep was cleverly put forth by 

Huxley in “Brave New World.” The reviewer and some of 
lult friends enjoyed it as a delicious bit of satire we never 
ined that a professional writer smart enough to find a pub 

would swallow it literally, embroider it with undiscovered 
magnetic-radiation twadidile and call doubters “stupid skeptics 

On page 124 Yates uses the term “pseudo-science.”” We 
‘t imagine a more exact description of his book as a 
le. On page 125 he refers to “lurid predictions from 

he Sunday feature writers.”” We believe this to be an apt 
iracterization of his own predictions. But enough of this 
test anti-machine diatribe. We picked it to pieces because 
might prove to be the most destructive if its teeth aren't 
ed. The World of To-morrow will be seriously retarded 
you and we don’t do our utmost to neutralize every new 
ction of ideological poison shot into the body politic by 
ckpot writers and fanatical radio preachers. By _ the 

e token, let’s throw our full support behind every new 

k or pamphlet designed to aid scientific and technological 

gress. Last month we mentioned the A.S.T.E. Fact 

ding Committee’s Report. Since then there has appeared 

Machinery and the American Standard of Living. ( Pamphlet 

Machinery and Allied Products Institute, 221 North La 


Chicago, 1939 Paper, 5 tl. Sl, inches, SS page Free 


ch, though free, is as workmanlike a book as any 
nomic text selling for several dollars. We don’t boost 
indly: we read it and found it less than perfect (page 
weak precisely where David Cushman Coyle has made 
ong argument in differentiating between ‘‘business” 
‘finance’ —see Instruments, March 1934, page 41—and 
doesn’t mean that we agree all the way with Coyle) 
we unhesitatingly recommend this pamphlet as_ the 
est In irrefutable demonstrations of technology’s con 
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* Your assembly or application 
may call for resistors capable of 
handling considerable wattages. Or 
again you May want precise resist- 
ance values—at a price to fit your 
production costs. Eicher way, 


CLAROSTAT can serve you. 


POWER RESISTORS 


Atcer years of research and exhaustive tests, 
CLAROSTAT Power Resistors were at last 


introduced some twelve months agi These 
green cement-coated resistors have since won 
outstanding acceptance Particularly with 


builders of high-priced laboratory equipment 
radio transmitters, etc. They are all that a 
power resistor should be. In fixed and adjust 
able types. 10 to 200 watt ratings. When nec 
essary, varnish coated for extreme humidity 
conditions. Comparative tests invited 


STRIP RESISTORS 


CLAROSTAT also builds many kinds of strip 
resistors for instrument makers, radio manu 
facturers and others. With or without protec 
tive coverings. In metal casing, with or with 
out molded bakelite jacket Any resistance 
values, taps and tolerances even as fine as '/> 
of 1% in actual production runs. These units 
now found in dependable test equipment, fine 
bridges, laboratory equipment, et« 


With wire-winding facilities and 
skill second to none, CLAROSTAT 
can always solve your resistor or 
control problem. And that goes for 
composition-element units as well. 


Get Your 
Canes x. 


Latest loose-leat engineer 
ing data is yours for the 
asking. Do not hesitate to 
submit problems for cngt 
neering aid, samples, spec 
ifications, quotations 


When it comes to 


WIRE-WOUND 
RESISTORS 















~ Simply, Specify 


CLAROSTAT 
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tributions to American civilization. Send for it evs 
aren’t yet fired with crusading zeal. Send fo 


if 
It ft 





will make you prouder than ever of your job’s 
glorious To-morrow. 


The 
EPPLEY STANDARD CELL | oo of the World’s Fair exhibits (or els¢ 
across the excellent 


f | . we I ‘ few days) we came 

ae ay’ Research Creates the World of To-m« 
there is an obvious sub-slogan: “The more 
more it hastens To-morrow and 
To-morrow it creates.’’ The most efficient res 


hic] free from what Dr. M 


whic IS [2 


esearch, the 


of the Biochemical Research Foundatio 


Franklin Institute, called THAT CRIME AGAIN 
SEARCH—DUPLICATION. In this connectio: 


an idle boast to declare that (as you’ve heard 
ments are the tools of Research and that (as y 


1; frumeont is the essential 


t 


ar in mind) or 
type F modern research laboratory becaus¢ 
little crime-preventer that research me} 
r visit to New York from which we 


on Professor Muller whose 


dropped 1 
w York University are model hom«e 
Cat. No. 100. Standard Cell, t t rch. He and his associates never con 
t t rime of duplication because he has been an /) 

start and because they always 


from the 
of Instrument but 


complete files 
vice of The Instruments Publishing 
(and pathetic) stories 


designing and building “Rube Gi 


Cc 
some amusing 


$20.00 


rroups 


26.00 arcl p 
althoug! 


ble n market, 


components and even complete assemblie 


thereby committing 


hecause these unfortunates were! 


EPLAB ree arch, 
THE EPPLEY LABORATORY, INC, ril iments. We may sound commer 
ENTIF \ ally m to promote efficient research a1 
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To-morrow, in urging you, 


important matte) 


search man you know. 











PUT Yoedor—-ROOT COUNTERS 
on your “BOARD of CONTROL” 


A perfected new Metric-American 


meet the need of extreme simplicity, sens 


 revolu REMOTE RECORDER [Riper ore 
redete — " AND CONTROLLER id darevide Hew aconon 


outomatic reset 


... AIR-ACTUATED te 100% throttiing. © Bulletin E-2 
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